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ABSTRACT
Birds are known to utilize the pathways of purine 
metabolism to eliminate nitrogenous compounds. The 
same pathways are used for the metabolism of nucleotides 
which can be channeled into nucleic acid synthesis. It 
becomes possible that during their passage through the 
above mentioned pathways, metabolic products of amino 
acids could influence the metabolism of nucleic acids.
Two week old chicks were administered mixtures of 
various kinds and amounts of amino acids. The effect of 
these amino acids on RNA synthesis was measured by the 
incorporation of tritium from uridine-5-^H into RNA of 
the chick liver.
Dietary protein levels of IB to 30 percent did not 
affect total RNA content of the liver. High levels of 
amino acids ( 3 0 0 mg) administered to chicks resulted in 
a decrease in RNA synthesis. Of the precursors of the 
purine ring (folic acid, glycine, glutamine and aspartic 
acid), only aspartic acid had any effect on RNA synthesis. 
It increased the synthesis of RNA. When tested at various 
levels, 2 0 mg of aspartic acid per chick promoted the 
highest amount of RNA synthesis while 40 mg of aspartic 
acid decreased the synthesis of RNA.
vi
Amino acid imbalances generally lowered both RNA 
and protein synthesis when compared to a completely 
balanced amino acid mixture. Of the imbalances tested 
by measuring the incorporation of carbon- 1 4 from glycine- 
1 - ^ C  into both RNA and protein, a deficiency of try­
ptophan seemed to have the greatest effect.
The data from the experiments in general indicates 
that amino acids will increase the synthesis of RNA when 
administered at recommended dietary intakes but will 
decrease synthesis of RNA when fed at excessively high 
intakes or as certain imbalanced mixtures.
INTRODUCTION
Once a certain level of dietary protein is reached in 
chick rations, weight gain plateaus. Chicks fed very high 
levels of dietary protein may have a lower weight gain than 
chicks fed the recommended or optimum protein level. The 
reason, not actually known, could be that the excess protein 
or amino acids might be disturbing some metabolic processes 
necessary for increased weight gain.
Excess amounts of dietary amino acids will cause the 
formation of high amounts of uric acid in the chicken.
Birds are known to excrete uric acid as the principal end 
product of nitrogen metabolism. In order to form uric 
acid, its precursors must travel through the pathways of 
purine metabolism. At high dietary levels of amino acids 
these pathways must become very active. It is possible
that during their passage through the above mentioned path­
ways, metabolic products of amino acids could influence 
the metabolism of nucleic acids.
This work has as its primary objective to determine
if various treatments of amino acids exert any effect on 
the synthesis of ribonucleic acid (RNA) in the young chick.
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REVIEW OF LITERATURE
A knowledge of the response of chicks to increasing 
levels of dietary protein is needed in order to begin to 
answer some of the questions about the theory proposed 
in the introduction. Excess protein, even when balanced 
in all essential amino acids, results in a slight decrease 
in growth, a reduction in body fat deposition and an 
increase in uric acid levels in the blood (Scott, Nesheim 
and Toung, 1 9 6 9 ).
Heller and Penquite (1945) concluded that high pro­
tein levels produce the most rapid gains during the first 
two weeks with the rate gain thereafter decreasing and 
approaching that of lower levels of protein. Almquist and 
Asmundson (1944) reported that chicks fed a 30 percent 
protein diet for the first two weeks followed by a 2 0 per­
cent protein diet for the remainder of the time grew more 
rapidly during the first week and stayed ahead as compared 
to chicks fed various other dietary protein levels.
The protein requirement of the chick can be defined 
accurately only in relation to energy concentration, degree 
of fat deposition and a limited range of nutrient combi­
nations • The recommendation of the Subcommittee on 
Poultry Nutrition of the Committee on Animal Nutrition,
2
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National Academy of Sciences-National Research Council 
(1 9 6 6 ) is a dietary protein level of 2 0 percent with an 
energy level of 2 7 5 0 kilocalories of metabolizable energy 
per kilogram of diet.
Netke et al. (1966) demonstrated that amino acids in 
excess of the amount required would decrease the pool of 
the first limiting amino acid and affect its utilization.
A decrease in weight gain of chicks was noted on both 
lysine and isoleucine deficient diets when crystalline 
amino acid mixtures were increased to a high level. Gain 
in weight was a function of the absolute intake of the 
first limiting amino acid. These workers suggested that 
the pattern of excess amino acids may dictate whether the 
adverse effect of excess amino acids on gain will be super­
imposed on that of an amino acid deficiency. Sugahara 
et al. (1 9 6 9 ) tested this possibility that the effect of a 
deficiency of an amino acid on food intake, growth or other 
criteria may be influenced by the pattern of excess amino 
acids. They evaluated the relative growth depression 
induced by feeding diets equally deficient in each of the 
ten essential amino acids. Deficiencies of phenylalanine- 
tyrosine, tryptophan and isoleucine impaired growth more 
than equal deficiencies of other essential amino acids.
The pattern of amino acids in excess of that needed for 
growth appeared to dictate whether an amino acid imbalance
4
would be superimposed on that of an amino acid deficiency.
The role of amino acids in regulating protein synthesis 
and its related reactions has been investigated by many 
workers using various species of animals or microorganisms 
and conditions. It has been shown by many workers that 
when rats are fed a protein-free diet, loss of protein 
and RNA from the liver takes place rapidly. Other workers 
have used high levels of either proteins or amino acids 
and demonstrated how these conditions affect protein and 
RNA synthesis. Rudolph and Betheil (1970) have recently 
demonstrated that inhibition of protein synthesis and 
growth retardation occurred when rats were fed diets high 
in phenylalanine. Rats fed diets of 5-6%> phenylalanine 
for three to six weeks had a decreased rate of protein 
synthesis in the liver as well as lowered weight gain.
The mechanism by which the changes in the rate of protein 
turnover reported in this article is uncertain but one 
possible explanation proposed was an alteration in the 
rate of production or release of messenger RNA.
The possibility that amino acids may have a role in 
the synthesis of RNA was indicated by Wunner et al. (1966) 
when a tryptophan-free amino acid mixture fed to starved 
rats caused a decrease in the capacity of the liver to 
synthesize protein along with a shift in the polysome 
pattern from heavy to light aggregates. The relationship
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between aggregate structure and amino acid incorporating 
activity suggests that messenger RNA was responsible for 
aggregate formation. An attractive interpretation was 
proposed, namely that polysomes were single ribosomes 
strung together by a continuous strand of messenger RNA 
and a shift from heavy to light aggregates indicated a 
breakdown of messenger RNA. Wannemacher et al. (196&) in­
dicated that an amino acid deficiency resulted in a break­
down of polyribosomes and a loss of cytoplasmic RNA as 
well as a decreased rate of protein synthesis. He demon­
strated that the process can be reversed by giving the 
animals a balanced mixture of amino acids. Mariani et al. 
(1 9 6 6 ) indicated that the activity of the amino acid 
activating enzymes of the rat liver increase in protein- 
deficient rats. This indicated a preferential utilization 
of the amino acids for protein synthesis and an attempt on 
the part of the liver to control amino acid metabolism by 
redirecting it from catabolism to anabolism.
The fact that polysome profiles of rat liver could be 
influenced by dietary amino acids other than tryptophan was 
shown by Pronczuk et al. (1970). Rats fed isoleucine and 
threonine-imbalanced diets had more monosomes and disomes 
but a reduced number of polysomes provided that a severe 
enough amino acid imbalance could be created. The polysome 
content was restored by correcting the imbalance. Reid 
et al. (1 9 7 1 ) reported that an acute nutritional stress of
6
starvation for several days resulted in many biochemical 
changes in rat liver. While the DNA content per liver (and 
thus the number of cells) remained constant, liver weight, 
protein and ribosomal RNA all decreased to 50-60% of normal 
values. There was also a shift of hepatic polyribosomes to 
lighter aggregates and a decrease in hepatic protein syn­
thesis. Jefferson and Korner (1969) perfused the livers of 
rats in situ with mixtures of amino acids in multiples of 
their concentration in normal rat plasma. Examination of 
polysome profiles derived from livers perfused without 
amino acids in the medium showed that the number of large 
aggregates decreased and the number of small aggregates 
increased. Adding amino acids to this medium reversed 
this shift until the plasma level of amino acids were ten 
times normal values. At these values, polysome profiles 
were the same as polysome profiles of normal non-perfused 
livers. The stability of the polysome profile was due to 
the presence of eleven amino acids: arginine, asparagine,
isoleucine, leucine, lysine, methionine, phenylalanine, 
proline, threonine, tryptophan and valine.
The effect of starvation and starvation followed by 
refeeding a high protein, carbohydrate-free diet or a high 
carbohydrate, protein-free diet on RNA metabolism was 
studied in rat liver slices by de la Garza et al. (1970). 
These workers showed no change in DNA content of liver as 
a result of fasting and refeeding. A decrease in liver RNA
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occurred with fasting. When the high protein, carbohydrate- 
free diet was refed, the liver RNA increased back to the 
control level. However, when the high carbohydrate, 
protein-free diet was fed, the RNA failed to return to 
control values. Thus dietary protein but not carbohydrate 
returned the RNA content to normal. Higashi et al. (196$) 
reported that protein synthesis is required for both con­
tinual formation of ribosomal RNA and for maturation of the 
ribosomes. Using cycloheximide, a potent inhibitor of pro­
tein synthesis but not of RNA synthesis, they reported that 
the transport of ribosomes from the nucleus to the cyto­
plasm continued for one to two hours after protein syn­
thesis had been blocked by the inhibitor. Very little
transport of ribosomes to the cytoplasm occurred when pro­
tein synthesis was blocked for three hours or more. These 
results indicate that protein synthesis is necessary for 
both the transcription and maturation of ribosomal RNA. It 
also indicates that the action of dietary amino acids on 
RNA synthesis is achieved by a cytoplasmic mechanism.
It is well documented in certain strains of Escher­
ichia coli that when the cells are starved of an amino acid,
RNA synthesis, as well as protein synthesis, usually stops. 
According to Nierlich (196$) several explanations for this 
observation have been proposed: 1 ) the discharged transfer
RNA accumulating during amino acid starvation inhibits RNA
polymerase; 2 ) transcription and translation are coupled 
through a mechanism in which the ribosomes in the process 
of protein synthesis pull RNA off the DNA template; and 
3) the synthesis of one of the substrates of RNA synthesis, 
UTP (Uridine triphosphate), is subject to amino acid control. 
These theories reflect the belief that the synthesis of all 
species of RNA, messenger, transfer and ribosomal are equally 
subject to the same control. This work of Nierlich (196$) 
demonstrated that the control is not coordinate. He indi­
cated that the stringent strain of microorganisms control 
primarily net RNA synthesis, messenger RNA synthesis and 
transfer RNA synthesis. Ribosomal RNA synthesis was not 
shown to be under amino acid control. Skold and Zetterberg 
(1 9 6 9 ) demonstrated that mammalian cells have a similar 
regulatory link between availability of amino acids for 
protein synthesis and RNA formation. Amino acid starvation 
depressed RNA synthesis from twenty to fifty percent in 
tissue cultures of mouse fibroblasts. The uptake of 
^•C-uridine into the uridine nucleotide pools of the cells 
was unimpaired by amino acid starvation.
The influence of dietary protein on the incorporation 
of glycine-2-^C and -^P (phosphorus-32) in RNA of rat liver 
was determined by Clark et al. (1957)* Rats were maintained 
on diets either containing adequate amounts of protein or 
free from protein and, after fasting overnight, were in­
jected with ^2P and with glycine-2-1/|'C. They were killed
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at 3, 6 and 9 hours later. A further group of rats that 
had received the protein-containing diet were fed at the 
time of injection of the isotopes. The uptake of glycine 
was similar in the two groups in the post-absorptive state, 
but rose considerably when protein was fed at the time of 
injection. Labelling of RNA with and glycine-2-1^C 
was much reduced in rats fasted overnight after the pro­
tein containing diet. On feeding protein to this group, 
uptake of both isotopes rose to the level found with the 
protein-free diet. It was suggested that the low level of 
labelling in the groups fasted after the protein-containing 
diet was due to breakdown of RNA as soon as the supply of 
amino acids from the gut ceased. The feeding of protein 
restored the level of labelling in RNA.
A study of the effect of amino acids on RNA synthesis 
in rat liver following the administration of amino acid 
mixtures was conducted by Munro and Clark (1959). Male rats 
were given a protein-free diet for seven days. On the 
seventh day they were fed by stomach tube 5 mis of a solu­
tion containing the following L-amino acids (mg): alanine,
20; arginine»HC1, 50; aspartic acid, 20; Cystine, 20; 
glutamic acid, 200; histidine*HC1, 95; isoleucine, SO; 
leucine, 120; lysine*HCl, 150; methionine, SO; phenylalanine, 
1 2 0 , proline, 2 0 ; threonine, 7 0 ; tryptophan, 5 0 ; tyrosine,
60; valine, 100; and sodium bicarbonate, 127. The rats were 
injected with glycine-2-^C or orotic acid-6- ^ C  and killed
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at 1.5, 3 or 6 hours later. Livers were removed and ana­
lyzed for isotope content. When tryptophan was left out 
of the mixture the rate of labelling of the purine bases 
by -^C-glycine and of the pyrimidine bases by ^C-orotic 
acid was significantly reduced. It was concluded that 
the mechanism regulating liver RNA turnover is sensitive 
to the quality of the amino acid mixture absorbed from the 
intestine. In a later paper Munro and Mukerji (1962) 
demonstrated that when eighteen amino acids were fed singly 
and in large doses to rats, only glycine, methionine and 
leucine caused a considerable uptake of by liver RNA. 
Munro (1965) reported that differences in liver RNA label­
ling when amino acid mixtures were fed by stomach tube to 
rats could be detected within ninety minutes and differences 
in polysome profiles could be detected within one hour.
EXPERIMENTAL PROCEDURE
Eight experiments were conducted. Two-week-old broiler 
type chicks obtained from the Louisiana State University 
control breed line were used throughout these experiments 
except in Experiment 1. In this experiment, straight- 
run broiler type chicks were purchased from a local hatchery.
For Experiment 1 a four week feed trial was conducted 
using one hundred chicks. The chicks were wingbanded and 
placed in battery type brooders equipped with fluorescent- 
strip lighting. Feed and water were supplied ad-libitum.
Five treatments consisting of different dietary protein 
levels were randomly assigned to the pens consisting of 
five birds per pen. The diets used are shown in Tables 1 
and 2. Weight gain data were obtained at four weeks.. One 
chick from each pen was randomly chosen and sacrificed.
The liver was removed and frozen immediately and the RNA 
content of these liver samples was determined.
The procedures used in Experiments 2 through # are 
similar and are discussed below. Chicks were fed a standard 
starter diet for eleven days. On the eleventh day the feed 
was held back for approximately sixteen hours. During the 
latter four hours of fast they were fed small gravel.




Composition of Basal Ration 
for Experiment 1
Ingredients Percent of 
Experimental Diets
Cerelose 39.00
Isolated Soybean Protein3 1 0 . 0 0
Casein 1 0 . 0 0
Corn Oil 4 . 0 0
Ground cellulose 12.93DL-methionine 0 . 4 0
Glycine 0 . 4 0
L-Arginine•HC1 0 . 2 0
Choline chloride 0.25
Vitamin premix^ 0.25
Mineral premix0 S . 0 0
Total 35.43
a Purina RP-100 Isolated Soybean Protein.
k Furnished in mg/Kg of finished ration (unless stated 
otherwise): Vitamin A, 10000 USP; Vitamin D3 , 2250 IU;
Vitamin E> 25 IU; Menadione, 2; Biotin, 0.6B; Vitamin B^2 > 
0.01; Calcium Pantothenate, 2£; Folic acid, 2.25; Niacin, 
125; Pyridoxine*HCl, 7.5; Riboflavin, 9; Thiamine»HC1, 5; 
Ethyoxyquinn, 62.
c Furnished in gm/Kg of finished ration: CaCO-j, 13.24;
CaHP0i|>‘2H20, 41.66; NaCl, 7.62; KHCO3 , 10.24; MnSO^-I^O, 
0.34; KIO3 , 0.001; MgO, 1.66; Fe C ^ O y ,  0.43; CuS0/f*5H20, 
0 .3 3 ;  ZnC03 , 0 .1 3 ;  Na2Mo0if«2H20, 0 .004; Na2Se03 , 0 .0 0 1 .
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Table 2
Composition of Experiment 1 Diets
Ingredient
IS
Dietary Percent Protein 
21 24 27. 30
Percent of Diet
Basal (Table 1) 35.43 35.43 35.43 35.43 35.43
Cerelose 1 4 . 0 0 1 1 . 0 0 7.50 4 . 0 0 —
Isolated Soybean 
Protein — 1.70 3.30 5 . 0 0 6.70
Casein — 1.70 3.30 5 . 0 0 6.70
Solka floe 0.57 — 0.15 0.07 0.50
DL-methionine — 0.07 0 . 1 3 0 . 2 0 0.27
Glycine — 0.07 0.13 0 . 2 0 0.27
Arginine — 0 . 0 3 0 . 0 6 0 . 1 0 0.13
Calculated Analysis:
Cal M.E.^/gm 2.99 3 . 0 1 3 . 0 0 3 . 0 0 2.99
Percent Protein IS 2 1 24 27 30
M.E.-Metabolizable energy.
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orally administered five milliliters (ml) of solution by 
use of a small Teflon tube connected to a five ml syringe. 
The tube was of sufficient length to reach the crop of the 
chicks. All solutions (treatments), except one treatment 
in Experiment 2, consisted of a basal solution of Medium 
1 9 9^ plus the various additions of amino acids that were 
dissolved in it. The amount of ingredients contained in 
five ml of Medium 199 is shown in Table 3« The various 
treatments of amino acids were obtained from stock solu­
tions of each amino acid. The amino acids were dissolved 
using additions of concentrated hydrochloric acid. A 
solution of 10 N KOH was then used to bring the stock 
solutions up to neutral pH whenever practical. The quan­
tity of amino acids needed for each individual treatment 
was then added to the Medium 199 and the pH was adjusted 
to the phenol red end-point (pH 7.0-7.2). Thus all chicks 
were given the same volume of solution (3 ml) at the 
same pH.
The amount of amino acids used per chick was calcu­
lated from data on dietary recommendations obtained from 
Scott, Nesheim and Young (1969). These workers stated that 
the two week old chick would consume 20 grams of feed per 
day or 4.0 grams of protein if the diet contained 20 percent




Composition of Medium 199a
Chemical Compound Micrograms per chick 
(unless stated otherwise)
L-Arginine 350
L-Histidine 1 0 0
L-Lysine monohydrochloride 350
DL-Tryptophan 1 0 0
DL-Phenylalanine 2 5 0
DL-Methionine 150
DL-Serine 250
DL-Threonine 3 0 0
DL-Leucine 600
DL-Isoleucine 2 0 0
DL-Valine 250
DL-Glutamic acid monohydrate 750
DL-Aspartic acid 3 0 0
DL- -Alanine 2 5 0
L<-Proline 2 0 0
L-Hydroxyproline 50
Glycine 250
L-Glutamine 5 0 0
Sodium acetate trihydrate 2 5 0
L-Cystine 1 0 0












A liquid medium designed for use in tissue culture. The 




Composition of Medium 199
Chemical Compound Micrograms per chick 
(unless stated otherwise)
Riboflavin 0.05Pyridoxal hydrochloride 0.125Niacin 0.125Calcium pantothenate 0.05i-Inositol 0.25Ascorbic acid 0.25
Folic acid 0.05
p-Aminobenzoic acid 0.25
Ferric Nitrate 0.5Biotin 0.5Menadione 0.5Glutathione 0.25Vitamin A 0.50
Calciferol 0 . 5 0
Adenosine triphosphate 5.0
Tween £0 2 5 . 0
Cholesterol 1 . 0
Niacinamide 0.125
Adenylic acid 1 . 0




kh2 po4 0 .2 5mg
Glucose 5 .0 mg
Phenol Red O.lOmg
CaCl2 0 .7 0mg
NaHC03 1.75mg
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protein. Using their recommendations and calculating for a 
two hour consumption period, the amounts of amino acids 
consumed per chick were obtained and are listed in Table 1+. 
The amounts of non-essential amino acids added were from 
data obtained from Dean and Scott (1965). The amount and 
kind of various amino acids used in each treatment for 
Experiments 4 through & are listed in Table 5.
Hayhoe and Quaglino (1965) reported that uridine-5-^H 
is a specific precursor of RNA since it loses its label on 
conversion to thymidine and is thus not incorporated into 
DNA. Immediately after giving the solutions of amino acids, 
each chick was dosed with 50 microcuries of uridine-5-^H 
(see footnote 2 ) by injecting the solution directly into 
the lumen of the gizzard with a 1 cc graduated syringe 
equipped with a 27 gauge one-half inch needle. Injection 
of the solution into the gizzard lumen was facilitated by 
the small gravel which had lodged there.
The chicks were sacrificed two hours after dosing by 
an injection of one ml of sodium pentobarbital into the 
thoracic cavity. The livers were removed, placed in tared 
sample jars, weighed and frozen immediately. The two hour 
time period was the time of maximum incorporation of isotope
2 Uridine-5-^H, 21.7 C/mM; International Chemical and 
Nuclear Corp., Irvine, Calif.
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Table 4
Amount of Certain Amino Acids 
Required During a Two Hour Period 
by the Two-Week Old Chick (calculated)
Amount per bird (mg)
Essential Amino Acids Non-Essential Amino Acids
Arginine 20.0 Aspartic Acid 21.6
Lysine 16.7 Serine 21.6
Histidine 6.7 Alanine 11.6
Methionine 11.7 Proline 45.0
Tryptophan 3.3 Glutamic Acid *3-3
Glycine 16.7 Total 133.1
Phenylalanine 11.7
Leucine 23.3 Essential plus




The requirement of the essential amino acids was that 
amount recommended by Scott, Nesheim and Young (1969). 
The amount of non-essential amino acids to add was 
taken from Dean and Scott (1965).
Amount of amino Feed consumed Amino Acid Requirement 
acid required for = per 24 hrs. X ( % diet)





Kind and Amounts of Amino Acids 
Used in Each Treatment for 







4 Medium 199 (M)
mg
4 Essential Amino Acids (E) 150
4
(Table 4)
Non~Essential Amino Acids (NE) 183
4
(Table 4)




5 E 3 0 06 M —  «•
6 Folic Acida 0.1346 Glycine 156 Glutamine 296 Aspartic Acid 26
7 M _•»
7 Aspartic Acid 10
7 Aspartic Acid 20
7 Aspartic Acid 30
7 Aspartic Acid 40
8 M - -
8 E 150
8 E minus glycine 16.7b
8 E plus glycine 50°
8 E minus tryptophan 3.3b
8 E minus methionine 11.7b
a Folic acid is a vitamin.
Amounts left out of the mixture of essential amino acids 
listed in Table 4.
c Glycine (50 mg) "was added to the mixture of essential 
amino acids listed in Table 4»
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into RNA as determined by preliminary experimentation. 
Enwonwu (1971) demonstrated that the half-life of ribosomal 
RNA in fasted rats was 4.3 days.
The livers were analyzed for RNA content and radio­
activity by the following procedure modified from Munro and 
Fleck (1966) and Wannemacher et al. (1965). An $ percent 
homogenate of liver tissue was blended in a Waring blendor 
and allowed to settle in a separatory funnel immersed in an 
ice slush. The lower layer was homogenized in a Potter- 
Elvehjem type, motor-driven homogenizer. A 1.0 ml aliquot 
was placed in a tube and $ ml of cold 10 percent trichloro­
acetic acid were added and the tube placed in an ice slush 
for 15 minutes. The tube was centrifuged and the superna­
tant discarded. The precipitate was extracted with succes­
sive extractions of the following: 95%> ethanol (5 ml);
3:1 ethanol:ether (5 ml) and anhydrous ether (3 ml).
Four ml of 1.2 N perchloric acid (PCA) were added to 
the base hydrolysate to precipitate protein and DNA. After 
standing in ice for 10 minutes, the tube was centrifuged.
The supernatant was then assayed to determine RNA and 
radioactivity.
Two ml of the supernatant were placed in a 10 ml 
volumetric flask and brought to volume with 0.1 N PCA. The 
absorbance of this solution was measured at 260 millimicrons
21
using a spectrophotometer? An absorbance of 1.000 at 
260 mu was equivalent to 32 micrograms of RNA per ml 
(Munro and Fleck, 1965). To another two ml of supernatant 
was added 1.5 ml of 1.0 N KOH. The potassium perchlorate 
was allowed to precipitate. The solution was filtered with 
Whatman No. 5 filter paper. A 1.0 ml aliquot of the fil­
trate was placed in a scintillation vial. Ten ml of 
Aquasol^ was then added to the vial. The amount of radio­
activity present in the sample was determined using a
5liquid scintillation counter at ambient temperature. A 
counting efficiency of 21 percent was obtained.
The procedures used in Experiment S were identical to 
those used in Experiments 2 through 7 except that glycine- 
1 _1 4 q (See footnote 6) was the radioactive compound used.
The livers were analyzed for RNA and radioactivity of the 
RNA fraction as stated above. The final precipitate ob­
tained using 1.2 N PCA was dissolved in 1 N NaOH (4 ml)
^ Beckman Model DU; Beckman Instruments, Fullerton, 
Calif.
^ Aquasol New England Nuclear, Boston, Mass.
 ̂Beckman LS 250; Beckman Instruments, Fullerton, 
Calif.
^ Glycine-l-^C, 14.4 mC/mM; International Chemical 
and Nuclear Corp., Irvine, Calif.
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and hydrolyzed for fifteen minutes at 100 degrees Centigrade. 
The sample was then cooled and filtered with Whatman No. 42 
filter paper. A 1.0 ml aliquot of the filtrate was used 
to detect radioactivity in the manner described above.
The counting efficiency of the carbon-14 was 41 percent. 
Another 1.0 ml aliquot was placed in a 10 ml volumetric 
flask and diluted with water. The procedure of Lowry et al. 
(1951) was used to detect the amount of protein in the 
sample. Crystalline bovine serum albumin was used as the 
protein standard.
All experiments were designed as completely random­
ized designs except Experiment 6 which was a randomized 
block design. Treatments were arranged in Experiment 6 
as a 2^ factorial with folic acid, glycine, glutamine and 
aspartic acid being the factors. All experiments were 
analyzed by analysis of variance with appropriate F tests 
illustrated by Snedecor (1956). Differences between 
treatment means were determined by Tukey’s w test (Steel 
and Torrie, I960).
RESULTS AND DISCUSSION
This study has as its primary objective to determine 
if various treatments of amino acids exert any effect on 
RNA synthesis in the chick. The major criterion used was 
the incorporation of uridine-5-^H into RNA. This criterion 
was used in Experiment 2 and Experiments 4 through S.
The criterion listed as radioactivity was the amount of DPM 
(disintergrations per minute) obtained per milligram of 
tissue used in the determination of the RNA content of the 
tissue. The specific activity of RNA was calculated by 
dividing the micrograms of RNA per milligram of tissue into 
the DPM per milligram of tissue. The column labeled radio­
activity was thus included as a check of any mistakes in 
the RNA determination.
The amino acid glycine enters into the formation of 
both RNA and protein. Glycine-l-^C was used in Experiment 
£ as a measure of both RNA and protein synthesis in the 
same tissue using the same criteria of radioactivity and 
specific activity.
Experiment 1
Effect of Dietary Protein Level on 
Weight Gain and RNA Content of Liver
This experiment was conducted in an attempt to demon-
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strate the response of chicks fed increasing amounts of 
dietary protein in an isocaloric diet. It was expected 
that weight gain would increase up to about the 21 percent 
dietary protein level and then level off at the higher 
protein levels. Except for one treatment (24 percent 
protein) the expectation was realized as shown in Table 6.
The data, although not conclusive, agree with re­
sults obtained by many workers that once a certain level 
of dietary protein is reached, further increases in 
dietary protein will result in lowered weight gain. This 
decreased weight gain could be due to the excess amount 
of protein (amino acid) interefering with the metabolism 
of nucleic acids which in turn regulates protein meta­
bolism.
The RNA content of the liver of chicks receiving the 
different levels of dietary protein is shown in Table 6.
No significant differences were observed in RNA content. 
Most works reporting changes in RNA content with diet 
have been with treatments of no protein versus high 
protein or some similar acute nutritional stress. Al­
though the dietary protein levels ranged from 1# to 30 




Effect of Dietary Protein Level on 






% gms mg RNA/gm liver
IS 611 ± 44a ’2 11.71 ± 2.21a
21 6S3 ± 14b 10.5S + 1.29a
24 660 ± 33ab 11.27 ± 3.13a
27 679 ± 64b 10.95 + 1.63a
30 663 ±  44ab 9.07 + 3.05a
Statistical Analysis:
Tukeyfs w 6 4 4.63
Analysis of 
Variance: d.f. M.S. F d.f. M.S. F
Treatments 4 3291 3 .1 0 * 4 4.05 0 .7 1ns
Error 15 1060 15 5.63
1 Values are means + standard deviation.
2 Treatment means showing the same superscript letter 
are not significantly different at the 0 . 0 5  level of 
probability.
* Significantly different at the 0.05 level of probability. 
ns Non-significant at the 0.05 level of probability.
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Experiment 2
Effect of Water Versus Medium 199 as 
a Basal Solution for RNA Synthesis
This experiment was conducted to determine if a dif­
ference existed in the incorporation of tritium from 
uridine-5-^H into RNA when using a solution of Medium 199 
as compared to water alone. Table 3 shows the composition 
of Medium 199 and the amounts of each ingredient when 5 ml 
was given to the chick. Since this is a complete medium 
for growing cells in tissue culture, it contains all the 
essential nutrients required by most cells. The amount 
given to the chick, however, contains only a minute amount 
of the dietary requirement of the chick. For example, 
the calculations of the dietary requirement of arginine 
for a two hour period by the chick is 20 mg. The dose 
of Medium 199 given to the chick contained 0.350 mg. The 
amount given is considered negligible in contrast to the 
requirement. This finding is true for the rest of the 
ingredients.
The results shown in Table 7 indicate that the incor­
poration of tritium from uridine-5-^H was higher with 
Medium 199 than with water. This was indicated by both 
the radioactivity and specific activity determinations. 
Since Medium 199 contains approximately sixty ingredients, 
it was impractical to determine which ingredient caused the 
increased tritium incorporation.
Table 7
Effect of Water Versus Medium 199 as
a Basal Solution for RNA. Synthesis^
(Expt. 2)
Treatment No. Birds Radioactivity Specific Activity
DPM/mg tissue DPM/ugm RNA 
Medium 199 4 634 + SO 91 ± 11
Water 4 326 + £5 43 + 3
Analysis of
Variance: d.f. M.S. F d.f. M.S. F
Treatments 1 257044 37.32* 1 3741 45.34*
Error 6 6 SS7 —  6 S2.5
Values are means + standard deviation.
* Significantly different at the 0.05 level of probability.
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Medium 199 was used as the basal solution for all 
subsequent treatments since it promoted RNA synthesis to 
some extent and because of the phenol red indicator con­
tained in it which made pH adjustments easy. Since this 
basal solution was to be compared to various effects of 
other treatments on incorporation, these values are used 
as the values for Medium 199 in all experiments except 
Experiments 6 and 3.
Experiment 3
Phosphorescence of Samples Prepared 
for Determination of the Specific 
Activity of RNA
Unusually high counts of radioactivity were obtained 
with a number of RNA samples which were prepared and placed 
on the liquid scintillation counter. After standing for 
a period of time, the counts became lower. This indicated 
the possibility of some phosphorescence in the samples.
Herberg (1953) reported that protein samples of a few milli­
grams exhibited very high count rates. His samples con­
tained neither isotope nor liquid scintillation solution.
The cause of this phenomenon was unknown.
These samples were counted in the scintillation counter 
over a period of time. The counts per minute obtained from 
these samples are plotted on a graph shown in Figure 1, 
page 29. Sample 1 and sample 2 were actual RNA samples 















Plot of Phosphorescence of Samples 
Prepared for the Determination of the 
Specific Activity of RNA
40-
a = sample 1 
b = sample 2 






a bird receiving no isotope. The data clearly indicated a 
decrease in count rate with time. The count rate was 
stabilized about 2 4 hours after the samples were prepared. 
Therefore all samples were held at room temperature for 
24 hours before counting. The cause of the phosphorescence 
was not determined.
Experiment 4
Effect of Dietary Essential and 
Non-Essential Amino Acids on 
RNA Synthesis
This experiment was conducted to determine if dif­
ferences in incorporation of tritium from uridine-5-^H 
into RNA existed when chicks were given only essential 
amino acids (E), only non-essential amino acids (N ) or 
a mixture of essential and non-essential amino acids (NE) 
when compared to Medium 199 (M) alone. The amount of each 
individual amino acid given to the chicks is listed in 
Table 4 and the total amount of amino acids given per 
chick is listed in Table S.
The analysis of variance shown in Table & indicated a 
significant difference between treatments with both radio­
activity and specific activity. The breakdown of treatment 
means, however, revealed no difference in the data of 
radioactivity.
It should be mentioned that high mortality rates 
occurred in preliminary trials using the solution for
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Table 3
Effect of Dietary Essential and 
Non-Essential Amino Acids on
RNA Synthesis**"
(Expt. 4)







mg DPM/mg tissue DPM/ugm RNj
Medium 199 4 — 634 + 30a >2 91 ± llab
Essential 
Amino Acids 4 1 5 0 1107 + 3 2 2a 1 3 4 + 2Sbc
Non-essential 
Amino Acids 4 133 1235 + 532a 1 4 6 + 3 4 c
Essential plus 
Non-essential 
Amino Acids 6 333 693 ± I65a SO + l6a
Statistical Analysis »
Tukey*s w 629 4S
Analysis of 
Variance: d.f. M.S. F d.f. M.S. F
Treatment 3 401542 4.26* 3 4 6 5S S.4 9 *
Error 14 94153 —  14 5 4S
"* Values are means + standard deviation.
Treatment means showing the same superscript letter are 
not significantly different at the 0 . 0 5  level of 
probability.
* Significantly different at the 0.05 level of probability.
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treatment NE. This was the largest amount of amino acids 
given the chicks in any of these experiments. For this 
reason, six chicks were used when the uridine-5-^H was 
administered. No mortality occurred during this time.
The breakdown of treatment means of the specific 
activity data revealed significant differences. Treat­
ment N had a higher specific activity than treatments M 
and NE but not significantly different than treatment E.
The low specific activity of treatment NE could be related 
to the cause of the mortality that occurred in the pre­
liminary experiments. The higher specific activity of 
treatment N is without verification from other reports.
Two inferences may be drawn from this data. From 
the total amounts of amino acids given to the chicks, it 
can be concluded that the incorporation of tritium from 
uridine-5-^H into RNA is increased by giving the birds a 
certain quantity of amino acids, regardless of whether the 
amino acids are those listed as essential or non-essential. 
When higher amounts of amino acids are given, in this case 
333 milligrams, RNA synthesis as measured by these criteria, 
is lowered. Whether the decrease is due to amount or bal­
ance of amino acids could not be concluded from this data. 
This latter inference supports the postulation proposed 
in the introduction that high levels of dietary amino acids 
could influence the metabolism of nucleic acids. In this 
case, the synthesis of RNA decreased.
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Experiment 5
Effect of Various Levels of Essential 
Amino Acids on RNA Synthesis
This experiment was conducted to determine if various 
levels of essential amino acids above the recommended 
dietary intake would affect RNA synthesis. Chicks were 
given one (1.0), one and one-half (1.5) and two times (2.0) 
the amount of essential amino acids listed in Table 4.
The amounts of amino acids given to the chicks are listed 
as 150, 225 and 300 milligrams in Table 9. The treatments 
will be referred to as M, 1.0, 1.5 and 2.0 indicating Medium 
199 and the varying amounts of amino acids administered to 
each treatment.
The data shown in Table 9 indicated that there was a 
significant decrease in radioactivity with chicks given 3 0 0  
milligrams of amino acids as compared to those receiving 
150 milligrams. The latter level contained the recommended 
amount and balance of amino acids. The level of 225 milli­
grams was intermediate in response between the level of 150 
and 300 milligrams. No differences between individual 
treatments were found in the specific activity data.
The ratio or balance between each amino acid was the 
same for these treatments of added amino acids. The amounts 
of total amino acids added were different. The trend in­
dicated from the radioactivity data was as the amounts of
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Table 9
Effect of Various Levels of Essential
Amino Acids on RNA Synthesis^-
(Expt. 5)
Treatment No. of 
birds




mg DPM/mg tissue DPM/ugm RNA
Medium 199 4 6 6 4 + 3oa b > 2 91 ± lla
Essential 
Amino Acids 4 1 5 0 1107 ± 321b 134 + 23a
Essential 
Amino Acids 4 225 £36 + 217ab 115 + 3 6a
Essential 
Amino Acids 4 3 0 0 653 ± 33s 103 + 17a
Statistical Analysis:
Tukey*s w 4 2 4 52
Analysis of 
Variance: d.f. M.S. F d.f. M.S. F
Treatment 3 1 7 6 4 6 4 4.26* 3 1 3 2 3 2.llns
Error 12 41392 —  12 624
^ Values are means + standard deviation.
2 Treatments means showing the same superscript letter 
are not significantly different at the 0.05 level of 
probability.
* Significantly different at the 0.05 level of probability. 
ns Non-significant.
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amino acids were increased above the recommended amounts, 
the incorporation of tritium from uridine-5-^H into RNA 
decreased. This adds support to the theory proposed that 
at high dietary levels of amino acids, an upset of nucleic 
acid metabolism could occur.
Experiment 6
Effect of Folic Acid, Glycine, Glutamine 
and Aspartic Acid on RNA Synthesis
This experiment was conducted to determine if dif- 
ferences in incorporation of tritium from uridine-5- H  
into RNA existed when chicks were given various combina­
tions of the precursors of the purine molecule. It was 
expected that the chicks given the larger number of pre­
cursors would respond by having an increased RNA synthesis 
providing that all of the precursors are limiting for 
purine synthesis. As stated earlier, the treatments were 
arranged in a 2^ factorial consisting of all possible 
combinations of folic acid, glycine, glutamine and aspartic 
acid. The origin of the atoms of the purine ring is il­
lustrated below as taken from White et al. (1964).
\
^------- carbon dioxide
aspartate *N^ .C— _N*J <-----glycine
j 'IK yP <----- formate
formate > lc\— Dr
T Iamide nitrogen of glutamine
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The amounts of these four compounds given to the chicks 
were: glycine, 15 mg; aspartic acid, 26 mg; glutamine, 29
mg; and folic acid, 0.134 mg. The 15 mg of glycine is 
equal to the approximate consumption of glycine by the 
chick during a two hour period when the amino acid is at 
the recommended dietary level as listed in Table 4« This 
is equal to 0.2 millimoles (mM) of glycine. In order to 
keep the molar ratios the same for the compounds, 0.2 mM 
of aspartic acid (26 mg) and 0.2 mM of glutamine (29 mg) 
were used. The amount of folic acid given was at a much 
higher rate than normally consumed in order to determine 
whether it had any effect on RNA synthesis in chick livers.
The specific activity and analysis of variance are 
shown in Table 10. The only statistically significant 
treatment effect was aspartic acid versus no aspartic acid. 
This was unexpected and not easily explained. No data 
could be found in the literature that supported this find­
ing. Munro and Mukerji, (1962) demonstrated that when 
eighteen amino acids were fed singularly in large doses 
to rats, only glycine, methionine and leucine caused a 
considerable uptake of ^2P by liver RNA. No work was found 
in the literature measuring the effect of aspartic acid on 
RNA synthesis in the chicken.
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Table 10
Effect of Folic Acid, Glycine, Glutamine
and Aspartic Acid on RNA Synthesis
(Expt. 6)
Treatment Specific Activity Analysis of Variance
DPM/ugm RNA-L Mean Square F̂ ""
Medium 199 52 — —
Folic Acid (F) 39 162 —
Aspartic Acid (A) 71 4107 S.55**
Glutamine (N) 56 70 —
Glycine (G) 50 10 —
F+A 6 4 161 —
F+N 4 6 690 1.43
F+G 45 234 —
A+N 77 1102 2.29
A+G 92 290 —
N+G 43 937 1.95
F+A+N 74 10 —
F+A+G 71 5 2 0 1 .0 a
A+N+G 49 13 65 2 .S4
F+N+G 70 431 —
F+A+N+G 51 IS —
Blocks — 103 —
Error — 4S0 —
Values are means of three replications.
2 Missing F-test values are less than 1. 
fc* Significantly different at the 0.05 level of probability.
Experiment 7
Effect of Various Levels of 
Aspartic Acid on RNA Synthesis
Due to the results obtained in Experiment 6, this 
experiment was conducted to determine if various levels of 
aspartic acid had any effect on the incorporation of 
tritium from uridine-5-^H into RNA. The levels of aspartic 
acid used were 10, 20, 3 0 and 4 0 milligrams per chick plus 
Medium 199 alone.
The breakdown of treatment means shown in Table 11 
indicated that the chicks receiving 10 and 20 milligrams 
of aspartic acid had the highest radioactivity while the 
chicks receiving J+0 milligrams of aspartic acid had the 
lowest radioactivity. This latter group was significantly 
lower than chicks receiving only Medium 199. Chicks re­
ceiving 4 0 milligrams of aspartic acid had a lower specific 
activity than all other treatments except those chicks re­
ceiving 30 milligrams. The chicks receiving the highest 
level of aspartic acid had a significantly lower specific 
activity than chicks given Medium 199 only.
The increased incorporation of tritium from uridine- 
5-^H into RNA obtained with aspartic acid in Experiment 6 
was at the level of 26 milligrams per chick. In Experiment 
7 the highest radioactivity was obtained with a level of 
10-20 milligrams of aspartic acid per chick. Thus the 
results agree as to the amount of aspartic acid exhibiting
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Table 11









mg/chick DPM/mg tissue DPM/ugm RNA
Medium 199 — 634 ± 30a >2 91 ± lla
Aspartic Acid 10 762 + 73ab 35 + 37a
Aspartic Acid 20 1003 + 170b 106 + 17a
Aspartic Acid 30 573 ± 55a 56 + 7ab
Aspartic Acid 40 272 + 72c 3 0 + llb
Statistical Analysis:
Tukeyfs w 234 3^
Analysis of 
Variance: d.f M.S. F d.f. M.S. F
Treatments 4 239953 13.63* 4 3659 9.65*
Error 15 21131 —  15 379
Values are mean + standard deviation.
o Treatment means showing the same superscript letter 
are not significantly different at the 0 . 0 5  level of 
probability.
* Significantly different at the 0.05 level of probability.
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the greatest amount of incorporation of tritium from 
uridine-5-^H into RNA.
Aspartic acid is a precursor for the de novo synthesis 
of both purines and pyrimidines. Nucleic acid synthesis 
depends upon an adequate supply of both purines and pyrim­
idines and requires approximately a 5 0 : 5 0  ratio of these 
compounds in the form of nucleotides. If the nucleotide 
pool had been lowered during the time that the chicks 
were held without feed, then the administration of aspartic 
acid could have caused the synthesis of nucleic acids to 
resume by restoring the nucleotide pool. Foung and Norman 
(1969) reported that the de novo synthesis of purine nucleo­
tides was the primary pathway in the chick when measured 
by comparing ratios of ^C/^H incorporation using ^H- 
adenine and ^C-glycine. Their data suggested that the 
reaction was utilizing glycine fifty times faster than 
adenine for the synthesis of the nucleotides. Since 
aspartic acid is a precursor of both purines and pyrimi­
dines, it could likely be being used faster than glycine. 
This is possible since the specific activity due to glycine 
in Experiment 6 was lower than the specific activity due 
to aspartic acid. Also one may note that even though the 
analysis of variance did not indicate the effect as being 
statistically significant, the treatment in Experiment 6 
where chicks were given both aspartic acid and glycine,
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had the highest specific activity of all other treatments 
in the experiment.
It is difficult to suggest what is causing the de­
creased incorporation of isotope into RNA at the higher 
levels of aspartic acid. Experiments 4 and 5 suggested 
a decreased incorporation of isotope into RNA at levels of 
300 milligrams of total amino acid per chick. The effect 
of high levels of aspartic acid might indicate that the 
kind as well as the amount of amino acid might affect the 
incorporation of tritium from uridine-5-^H into RNA.
Experiment &
Effect of Various Amino Acid Imbalances
on the Incorporation of Glycine-l-^C into 
RNA and Protein
Many workers have reported that amino acid imbalances 
influence the polysome profile of the liver of rats by 
decreasing the number of large aggregates. The most at­
tractive interpretation of what is happening is that the 
polysomes were single ribosomes strung together by a single 
continuous strand of messenger RNA (mRNA). A decrease 
in the number of large aggregates simply implied that mRNA 
was no longer attached to the ribosomes.
This experiment was conducted to determine if amino 
acid imbalances would affect RNA synthesis and/or protein 
synthesis with the conditions used in these experiments. 
Glycine is a precursor of the purine molecule. Carbon-14
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from glycine-l-^C can be incorporated into RNA, DNA and 
protein. DNA was not determined in these experiments. A 
comparison of the specific activity of RNA and protein 
could provide information as to how these amino acid im­
balances are affecting the chick and on which imbalances 
are more detrimental.
The imbalances tested as listed in Tables 12 and 13 
were all essential amino acids minus glycine, all essential 
amino acids plus three times the recommended dietary glycine 
level, all the essential amino acids minus tryptophan and 
all the essential amino acids minus methionine.
Table 12 contains data obtained on the effects of 
various amino acid imbalances on the incorporation of 
carbon-14 from glycine-l-^C into RNA. Three imbalances 
were significantly lower than the incorporation obtained 
due to the essential amino acids as shown when treatment 
means were broken down. These were the imbalances of (1) 
essential amino acids plus 5 0 milligrams of glycine, (2) 
essential amino acids minus tryptophan and (3) essential 
amino acids minus methionine. This occurred with both 
radioactivity and specific activity. There was no differ­
ence in the incorporation of label due to the essential 
amino acid minus glycine (16.7 mg) imbalance as compared 
to essential amino acids.
Table 13 contains data on the effects of various amino
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Table 12
Effect of Various Amino Acid Imbalances






DPM/mg tissue DPM/ugm RNA
Medium 199 4 223 + 23a>2 21 + la
Essential Amino Acids (E) 4 625 ± 47b 66 ± 9b
E - glycine 4 530 + 54b 55 + llb
E + glycine (50 mg) 4 302 + 100a 35 + 10a
E - tryptophan 4 202 + 43a 25 + sa
E - methionine 4 303 + 65a 2 9 + 10a
Statistical Analysis:
Tukey’s w 114 15
Analysis of 
Variance: d.f. M.S. F d.f. M.S. F
Treatments 5 119223 30.6* 5 1340 19.42*
Error IS 3 S9 6 —  IS 69
1 Values are means + standard deviation.
2 Treatment means showing the same superscript letter 
are not significantly different at the 0 . 0 5  level of 
probability.
* Significantly different at the 0.05 level of probability.
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Table 13
Effect of Various Amino Acid Imbalances
on the Incorporation of Glycine-l-^C into Protein^-
(Expt. £)




DPM/mg tissue DPM/ugm RNA
Medium 199 4 4799 + 930a >2 2 506 + 6l7ab
Essential amino acids (E) 4 10166 + 4 5 6 1 ° 4196 + 1900a
E - glycine 4 6625 + 533b 2570 + 412ab
E + glycine (50 mg) 4 6795 ± 1145b 3092 + 1230al
E - tryptophan 4 4 7 9 5 + 774a 1 6 1 4 + 3 9 3b
E - methionine 4 6 1 1 2 + 1^3 6b 2712 + ld27al
Statistical Analysis:
Tukey*s w 1235 2335
Analysis of 
Variance: d.f. M.S. F d.f. M.S F
Treatments 5 15595779 3 .4 2 * 5 2 5 2 3 2 2 1 1 .5 5ns
Error Id 452560 IS- 1616153
Values are means + standard deviation.
o Treatment means showing the same superscript letter 
are not significantly different at the 0 . 0 5  level of 
probability.
* Significantly different at the 0.05 level of probability. 
ns Non-significant at the 0.05 level of probability.
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acid imbalances on the incorporation of carbon- 1 4 from 
glycine-l-^C into protein. The analysis of variance re­
vealed a significant F value for radioactivity but not for 
specific activity. The means indicated that the incor­
poration of carbon-14 from glycine-l-^C into protein was 
highest with the treatment containing all the essential 
amino acids. This treatment, however, contained a high 
amount of variation. The standard deviation was over 
forty percent of the mean for this particular treatment.
The high value of this treatment could be the reason that 
the radioactivity obtained for all of the other imbalances 
was significantly lower. One imbalance, however, that of 
the essential amino acids minus tryptophan, was signifi­
cantly lower than the remaining imbalances.
The results from Experiment 3 indicate that amino acid 
imbalances can have an effect on both RNA synthesis and 
protein synthesis. Synthesis was decreased with certain 
imbalances for both criteria. There is an indication that 
of the imbalances tested, tryptophan deficiency caused the 
greatest upset of protein synthesis as shown in Table 13 
from the low amount of radioactivity obtained from the 
tryptophan imbalance. Tryptophan was one of the first 
amino acids shown to affect polysome patterns in rat liver 
(Wunner, et al., 1966). Munro (1963) proposed that 
tryptophan regulates liver polysome functions because it
is normally the least abundant component of the free amino 
acid pool of the liver and therefore easily becomes the 
limiting amino acid in determining the rate of protein 
synthesis.
SUMMARY
The purpose of this work was to determine if amino 
acids had an effect on RNA synthesis in the chick. Chicks 
fed increasing levels of dietary protein did not have 
higher weight gains than chicks fed the recommended level 
of dietary protein. Dietary protein did not affect total 
RNA content of the liver.
The effect of various levels of essential and non- 
essential amino acids on the incorporation of tritium 
from uridine-5-^H was tested when the chicks were given 
orally the crystalline amino acids dissolved in a solu­
tion of Medium 199. A higher incorporation of isotope 
into RNA was noted with Medium 199 when compared to water. 
When a mixture of amino acids which represented the recom­
mended dietary intake of amino acids was administered to 
the chick, the incorporation of tritium from uridine-5-^H 
was usually not greater than the level of incorporation 
obtained with Medium 199 alone. However, when an in­
creased amount of amino acids were administered, a decrease 
in the incorporation of isotope occurred, as compared to 
the incorporation of isotope with chicks receiving the 
recommended amount of amino acids. This supports the 
theory proposed that at high levels of dietary protein
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(amino acids), the metabolism of RNA could be affected.
When four precursors of the purine ring (folic acid, 
glycine, glutamine and aspartic acid) were tested for 
their effect on the incorporation of tritium from uridine' 
5-3H into RNA, the only significant treatment effect was 
aspartic acid. The presence of aspartic acid increased 
RNA synthesis. No work was found in the literature 
measuring the effect of aspartic acid on RNA synthesis 
in the chicken. When various levels of aspartic acid 
were tested, a level of 20 milligrams per chick increased 
the radioactivity found in the RNA fraction above that 
obtained with the basal Medium 199. When a level of 40 
milligrams per chick was given, a significant decrease 
in radioactivity of the RNA fraction was noted. The 
cause of this effect is unknown.
The effect of various imbalances was tested on the 
incorporation of carbon-14 from glycine-l-^C into RNA 
and protein. Three imbalances were significantly lower 
in the incorporation of carbon-14 from glycine-l-^C into 
RNA when compared to the incorporation due to the recom­
mended level of essential amino acids. These were the 
imbalances of (1) essential amino acids plus 5 0 milli­
grams of glycine, (2) essential amino acids minus try­
ptophan and (3) essential amino acids minus methionine. 
With the incorporation of carbon-14 from glycine-l-^C
into protein the radioactivity data indicated that all 
imbalances were lower in incorporation of carbon-14 than 
the level obtained with all essential amino acids. The 
imbalance of tryptophan was significantly lower than all 
other imbalances.
The data from the experiments in general indicates 
that amino acids will increase synthesis of RNA when 
administered at recommended dietary intakes but will 
decrease synthesis of RNA when fed at excessively high 
intakes or as certain imbalanced mixtures.
CONCLUSIONS
From the methods used in these experiments, the 
results indicate that the following conclusions are 
warranted:
1. Dietary protein levels ranging from IS to 30 
percent did not affect the total RNA content of the liver.
2. The synthesis of RNA as measured by isotope 
techniques was higher with a liquid medium (Medium 199) 
than with water.
3. High levels of amino acids (300 mg) administered 
to chicks caused a decrease in incorporation of tritium 
from uridine-5-^H as compared to the recommended level
of dietary amino acids.
4. Of the precursors of the purine ring tested for 
their effect on RNA synthesis, only aspartic acid had any 
effect. It increased the synthesis of RNA. When tested 
at various levels, 20 mg of aspartic acid per chick pro­
moted the highest amount of RNA synthesis while 40 mg of 
aspartic acid decreased RNA synthesis.
5. Amino acid imbalances in general caused a decrease 
in the incorporation of carbon-14 from glycine-l-^C into 
both RNA and protein when compared to a balanced mixture
of amino acids.
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6. The data in general indicates that amino acids 
will increase synthesis of RNA when administered at re­
commended dietary intakes but will decrease synthesis 




Almquist, H. J. and V. S. Asmundson, 1945. High protein 
mashes for broilers. Poultry Science 23:67-71.
Clark, C. M., D. J. Naismith and H. N. Munro, 1957. The 
influence of dietary protein on the incorporation of
-^C-glycine and -^P into the ribonucleic acid of rat 
liver. Biochimica Biophysica Acta 23:5^7-599.
Dean, W. F. and H. M. Scott, 1965. The development of 
an amino acid reference diet for the early growth 
of chicks. Poultry Science 44:$03-$0$.
Enwonwu, C. 0., R. Stanbaugh and L. Sreebny, 1971. Synthesis 
and degradation of liver ribosomal RNA in fed and 
fasted rats. Journal of Nutrition 101:337-346.
Foung, A. and A. ¥. Norman, 1969. Biosynthesis of purine 
nucleotides in chick liver and intestine. Biochimica 
Biophysica Acta 174:405-407.
de la Garza, S. A., H. M. Tepperman and J. Tepperraan,
1970. Interrelationships of diet-induced changes 
in hexose-monophosphate shunt dehydrogenases with 
, RNA metabolism in rat liver slices. Journal of 
Nutrition 100:1027-103 2.
Hayhoe, F. G. J. and D. Quaglino, 1965. Autoradiographic 
investigation of RNA and DNA metabolism of human 
leucocytes cultered with phytohaemagglutin; uridine-
5-3H as a specific precursor of RNA. Nature 205: 
151-154.
Heller, V. G. and R. Penquite, 1945. The optimum protein 
level for chickens as influenced by sex. Poultry 
Science 24:465-46$.
Herberg, R. J., 195$. Phosphorescence in liquid scintil­
lation counting of proteins. Science 125:199-200.
53
54
Higashi, K., T. Matsuhisa, A. Kitao and Y. Sakamoto, 1963. 
Selective suppression of nucleolar RNA metabolism in 
the absence of protein synthesis. Biochimica Biophysica 
Acta 166:333-393.
Jefferson, L. S. and A. Korner, 1969. Influence of amino 
acid supply in ribosomes and protein synthesis of 
perfused rat liver. Biochemical Journal 111:703- 712.
Lowry, 0. H., N. J. Rosebrough, A. L. Farr and R. J.
Randall, 1951. Protein measurement with the Folin 
phenol reagent. Journal of Biological Chemistry 
193:265-275.
Mariani, A., P. A. Migliaccio, M. A. Spadoni and M. Ticca, 
1966. Amino acid activation in the liver of growing 
rats maintained with normal and with protein-deficient 
diets. Journal of Nutrition 90:25-30.
Munro, H. N., 1963. Role of amino acid supply in regulating 
ribosome function. Federation Proceedings 27:1231- 
1237.
Munro, H. N. and. C. M. Clark, 1959. The incorporation of
14C-labelled precursors into the ribonucleic acid 
of rat liver following administration of a nutrition­
ally incomplete amino acid mixture. Biochimica 
Biophysica Acta 33:551-553*
Munro, H. N. and A. Fleck, 1966. The determination of 
nucleic acids. Methods of Biochemical Analysis 
14:113-176.
Munro, H. N. and D. Mukerji, 1962. The mechanism by which 
administration of individual amino acids causes changes 
in the ribonucleic acid metabolism of the liver. 
Biochemical Journal 32:520-522.
National Academy of Sciences-National Research Council,
1966. Nutrient Requirements of Poultry. Publication 
1345, Washington, D. C.
Netke, S. P., H. M. Scott and G. L. Allee, 1969. Effect 
of excess amino acids on the-utilization of the first 
limiting amino acid in chick diets. Journal of 
Nutrition 99:75-31.
Nierlich, D. P., 1963. Amino acid control over RNA synthesis 
A re-evaluation. Proceedings of the National Academy 
of Science (US) 60:1345-1352.
Pronczuk, A. W., Q. R. Rogers and H. N. Munro, 1970.
Liver polysome patterns of rats fed amino acid im­
balanced diets. Journal of Nutrition 100:1249-1255.
Reid, I. M., E. Verney and H. Sidransky, 1971. Influence 
of acute nutritional stress on polyribosomes and 
protein synthesis in brain and liver of young rats. 
Journal of Nutrition 100:1149-1156.
Rudolph, N. and J. J. Betheil, 1970. Protein synthesis 
in liver and brain microsomes isolated from rats 
fed a high phenylalanine diet. Journal of Nutrition 
100:21-29.
Scott, M. L., M. C. Nesheim and R. J. Young, 1969.
Nutrition of the Chicken. M. L. Scott and Associates, 
Ithaca, New York.
Skold, 0. and A. Zetterberg, 1969. Studies on the amino 
acid regulation of RNA-synthesis in mamalian cells 
in tissue culture. Experimental Cell Research 55' 
259-294.
Snedecor, G. W., 1956. Statistical Methods. The Iowa 
State University Press. Ames, Iowa.
Steel, R. G. D. and J. H. Torrie, I960. Principles and 
Procedures of Statistics. McGraw-Hill Book Company,
Inc., New York«
Sugahara, M., D. H. Baker and H. M. Scott, 1969. Effect 
of different patterns of excess amino acids on per­
formance of chicks fed amino acid deficient diets. 
Journal of Nutrition 97:29-32.
Wannemacher, R. W., Jr., W. L. Banks, Jr. and W. H. Wunner, 
1965. Use of a single tissue extract to determine 
cellular protein and nucleic acid concentrations and 
rate of amino acid incorporation. Analytical 
Biochemistry 11:320-326.
56
Wannemacher, R. W., W. K. Cooper and M. B. Yatvin, 196#.
The regulation of protein synthesis in the liver of 
rats. Mechanisms of dietary amino acid control in 
the immature animal. Biochemical Journal 107:615- 
623.
White, A., P. Handler and E. L. Smith, 1964. Principles 
of Biochemistry, third edition. McGraw-Hill Book 
Co., New York, New York.
Wunner, W. H., J. Bell and H. N. Munro, 1966. The effect 
of feeding with a tryptophan-free amino acid mixture 






Effect of Dietary Protein Level






% gramsid 6 7 6 536 600 531
2 1 675 633 6 7 0 703
2 4 657 663 697 617
27 704 713 6 6 4 63330 6 9 2 6 7 3 6 4 2 641
Appendix 
Table 2
Effect of Dietary Protein Level 
on RNA Content of Liver
Dietary Replication
Protein 1 2 3 4
% ugm RNA/mg liver
13 10.69 14.31 1 1 .6 2 9.71
2 1 10.39 1 0 . 1 6  9 . 2 0 12.09
24 15.32 9.37 3.00 11.39
27 11.49 1 3 . 0 0  9.34 1 0 . 0 030 5.19 3.60 12.51 1 0 . 0 0
Appendix 
Table 3
Effect of Water Versus Medium 199 







Water 44 42 49 56
Medium 199 1 0 3 91 76 94
DPM/mg tissue
Water 241 264 3 #9 409




Phosphorescence of Samples Prepared for 
the Determination of the Specific 





1 1 2 6 6 3914 2213
2 1 0 9 2 2067 1 5 0 2
3 904 1704 1063
5 723 1 1 0 1 9 2 1
1 0 4 0 6 677 451
15 124 5 6 2 2 7 6




Effect of Dietary Essential and 
Non-Essential Amino Acids 





3 4 5 6
Medium 199 103 91
DPM/ugm RNA 
7 6 94 m m m m mm mm
Non-Essential 
Amino Acids 151 192 111 129 ---
Essential 
Amino Acids 135 151 155 93 — ---
Non-Essential plus 
Essential Amino Acids S5 63 92 104 69 65
DPM/mg tissue
Medium 199 724 610 625 77^ — ---
Non-Essential 
Amino Acids 1926 14S3 711 1020 — ---
Essential 
Amino Acids 740 1271 1463 954 — ---
Non-Essential plus 




Effect of Various Levels of Essential
Amino Acids on-RNA Synthesis
(Expt. 5)





Medium 199 — 103 91 76 94
Essential Amino Acids 150 135 151 155 93
Essential Amino Acids 225 115 159 71 116
Essential Amino Acids 3 0 0 99 127 90 95
mg DPM/mg tissue
Medium 199 — 724 610 625 773
Essential Amino Acids 150 740 1271 1463 954
Essential Amino Acids 225 1064 992 572 917




Effect of Folic Acid, Glycine, Glutamine and








Folic Acid (F) 51 39 28
Aspartic Acid (A) SI 89 44
Glutamine (N) 59 57 51
Glycine (G) 45 4S 57
F+A as 32 73
F+N 28 44 66
F+G 41 47 46
A+N 49 110 72
A+G 91 51 134
N+G 47 44 39
F+A+N 102 70 49
F+A+G 57 61 95
A+N+G 49 61 37
F+N+G 56 45 109




Effect of Various Levels of Aspartic
Acid on RNA Synthesis
(Expt. 7)
Aspartic Acid Replication
per chick 1 2 3 4
rag DPM/ugm RNA
0 1 0 3 91 76 94
10 92 4$ 134 65
20 127 ^7 10S 104
30 53 6 4 4 3 61
40 26 35 37 24
DPM/tng tissue
0 724 610 625 773
10 1045 499 334 613
20 1155 771 1110 994
30 557 545 535 655




Incorporation of Glycine-l-^C into RNA: 







Medium 199 2 0 2 0 2 2 2 0
Essential Amino Acids (E) 63 63 7# 56
E - glycine 69 60 47 45
E + 3^ glycine 36 47 34 2 2
E - tryptophan 31 31 2 1 15
E - methionine 24 35 24 33
DPM/mg tissue
Medium 199 2 0 2 179 2 3 0 2 # 0
Essential Amino Acids (E) 556 639 637 6 6 7
E - glycine 550 596 479 493
E + 3X glycine 322 354 376 155
E - tryptophan 196 266 171 177




Incorporation of Glycine-l-^C into Protein: 







Medium 199 3 2 0 0 2 1 6 0 1 5 1 2 3150
Essential Amino Acids (E) 2353 6794 2444 4694
E - glycine 2 2 4 0 2631 2597 2310
E + 3X glycine 3192 2 0 2 3 4791 2 3 6 0
E - tryptophan 1614 2329 1421 1390
E - methionine 2215 1354 5404 1S74
DPM/mg tissue
Medium 199 4923 4637 365S 5922
Essential Amino Acids (E) 7474 16934 7625 8590
E - glycine 6071 6367 6757 7306
E + 3̂ ! glycine 6767 5725 33 35 6 3 0 2
E - tryptophan 4244 5 1 0 0 4092 5745
E - methionine 5715 4509 3754 5472
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